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INTEGRATED CIRCUIT PACKAGE, PANEL
AND METHODS OF MANUFACTURING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/IB2005/000198, filed on Jan. 27, 2003,
entitled “Semiconductor Package, a Panel and Methods of
Assembling the Same,” the entire contents of which are
hereby incorporated by reference.

BACKGROUND

The reduction of the size and reduction of the cost of
semiconductor packages 1s a long-standing desire 1n the
development of semiconductor packages. It 1s desired to
decrease both the footprint of the package, (i.e., the lateral
dimensions of the package) so that the space required to
mount the package on the board 1s reduced, and the thickness
ol the package.

The cost of the semiconductor package can be reduced by
reducing the materials costs by, for example, reducing the size
of the package or through the choice of the materials. How-
ever, a greater cost saving can usually be achueved by simpli-
tying and streamlining the production and assembly pro-
Cesses.

One known approach to solving these problems 1s to pro-
vide a leadless semiconductor package. In this method, a
package substrate 1s prepared by depositing raised metal
bumps or regions onto a base or carrier substrate. The raised
regions from the substrate which is included in the semicon-
ductor package. The carrier or base substrate 1s typically a
metal foil and 1s removed after the assembly of the compo-
nents.

A plurality of package positions can be provided on the
base substrate. The arrangement of the raised regions of each
package position corresponds to the desired arrangement of
the substrate of the package. In leadless packages the raised
regions also provide the external contact areas of the package.
A chip or contact 1s mounted onto each bump or raised region
using a pick-and-place method. After the bonding and encap-
sulation processes, the base substrate 1s removed.

This method has disadvantages as 1t 1s costly and time
consuming. First, a base substrate including the required
raised regions or bumps 1s prepared and then, the semicon-
ductor chip and contacts are placed one-by-one or serially
onto theraised regions. The speed with which this process can
be carried out and the packing density of the package posi-
tions on the base substrate 1s limited. This increases the costs
of the process and, therefore, the cost of the packages.

SUMMARY

Integrated circuit packages (e.g., semiconductor pack-
ages ), intermediate products, such as a panel, and methods of
producing the panel and the semiconductor packages are
described herein. The method of manufacturing an integrated
circuit package includes: assembling a composite waler
including alternating rows or columns of first and second
strips on an adhesive tape, the first strips including a plurality
of first dies and the second strips including a plurality of
second dies, singulating the first dies from the first strips and
the second dies from the second strips, forming a bond wire
between respective ones of the first dies and respective ones
of the second dies, thereby forming a plurality of component,
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2

embedding the components in mold compound, thereby
forming a panel and separating the components from the
panel, thereby forming individual integrated circuit pack-
ages.

The above and still further features and advantages of the
present invention will become apparent upon consideration of
the following definitions, descriptions and descriptive figures
of specific embodiments thereof, wherein like reference
numerals 1n the various figures are utilized to designate like
components. While these descriptions go mto specific details
of the ivention, 1t should be understood that variations may
and do exist and would be apparent to those skilled 1n the art
based on the descriptions herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the described integrated circuit package
and method will now be described with reference to the
diagrams, where:

FIG. 1 shows a top view of a composite waler including
alternating rows of receiver die and emitter die;

FIG. 2 illustrates the wire bonding process of the compo-
nents of the composite water of FIG. 1;

FIG. 3 illustrates a cross-sectional view of a section of the
composite waler of FIG. 2;

FIG. 4 1llustrates a cross-sectional view of a section of the
composite waler of FIG. 3 after the molding process;

FIG. 5 shows a cross-sectional view of a section of the
composite waler of FIG. 4 after the package singulation pro-
CEesS;

FIG. 6 1llustrates the lamination of the packages of FI1G. §;

FIG. 7 shows the testing of the packages of FIG. 6; and

FIG. 8 1llustrates a second embodiment of the package.

DETAILED DESCRIPTION

The described method for manufacturing a semiconductor
package allows for simple and easy assembly of a panel and
for fabrication of an improved package. The described semi-
conductor package comprises a first sesmiconductor die which
has an upper surface and, on 1ts opposing side, a lower sur-
face. The semiconductor package also comprises a second
semiconductor die, with an upper surface and, on 1ts opposing,
side, a lower surface. The first semiconductor die 1s electri-
cally connected to the second semiconductor die via a bond
wire. The upper surface of the dies 1s defined as the surface
onto which the bond wire 1s located. This surface faces
upwardly when the package 1s mounted on an external sub-
strate. The lower surfaces of the dies do not include bond
wires and face downwardly when the package 1s mounted on
an external substrate. The first die and second die form a
component which 1s included 1n the package.

The first semiconductor die and the second semiconductor
die are separated by predetermined distance. This distance
arises from the assembly method of the package. The first and
second semiconductor die are more closely spaced than 1n
packages known 1n the prior art. Thus, a package with a small
footprint 1s provided.

The package further includes mold material which encap-
sulates the upper and side surfaces of the dies and the bond
wire. The lower surfaces of the first and second die are essen-
tially coplanar with the bottom surface of the mold material
and form the outer bottom surface of the package. The lower
surfaces of the dies provide the external contacts to the pack-
age. This provides a leadless package. The lower surfaces of
the dies are, therefore, free from the mold material or com-
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pound and provide the external contacts to the package. The
package 1s, therelore, mounted to the external circuit board by
these areas.

Optionally, the first die 1s a receiver die and the second die
1s an emitter or a conductive die.

The lower surface of the first die and the lower surface of
the second die advantageously include a metallization layer.
Optionally, the metallization layers located on the lower or
rear surface of the dies and the bottom surface of the mold
compound are essentially coplanar. The metallization layer
enables the dies to be mounted to an external substrate such as
a printed circuit board via a solder process. This provides a
simple method of achieving a good bond via known and
reliable techniques. Since the package avoids the need of a
substrate which 1s included within the package, the thickness
ol the package 1s reduced.

The described package 1s very flexible as the two dies may
have different dimensions. For example, 1t 1s advantageous
that the breadth and thickness of the first die 1s different to the
breadth and thickness of the second die. The first die may,
therefore, be fabricated on a first water and the second die on
a second water. The first and second die can, theretore, com-
prise a different semiconductor material. The described pack-
age 15 also very tlexible 1n that the two types of die can be
fabricated separately in two separately optimized processes
and then assembled to form the semiconductor package.

However, the length of the first die 1s, optionally, essen-
tially the same as the length of the second die. This simplifies
the singulation of the components, each including one first die
and one second die, which are included 1n the package as 1s
described 1n more detail with respect to the method by which
the package 1s assembled.

The first die and the second die, advantageously, have at
least one side face with a stepped contour. This 1s advanta-
geous as a form-locking engagement between the dies and the
mold material 1s provided. Optionally, at least two opposing,
sides have a stepped contour as this singulation process 1s
simplified 11 all the dies are singulated 1n one lateral direction
by the same saw blade, 1f a profile saw 1s used to produce the
step, or 1in the same method step, 1f two saw blades of different
width are used to produce the step. A form-locking engage-
ment reduces the likelihood of delamination of the mold
maternal from the die and, therefore, provides a more reliable
semiconductor package.

Advantageously, the first die and the second die have a
protruding upper portion. This advantageously increases the
lateral area of the active region of the upper surface of the
dies. Alternatively, the first die and the second die have a
protruding base portion. This advantageously provides a
larger external contact area for the package. This leads to a
lower contact resistance when the package 1s mounted on an
external substrate.

The package, optionally, has dimensions of approximately
0.5 mm in length, approximately 0.3 mm in width and
approximately 0.2 mm 1n height. Moreover, the package
optionally has a height of around 0.1 mm. The package 1s,
therefore, smaller than typical packages of the prior art.

The following describes an intermediate product or panel
provided for the fabrication of the semiconductor packages
according to one of the embodiments previously described.
The panel includes a plurality of components; one component
1s included 1n each semiconductor package. Fach component
has a first die with an upper surface and a lower surface and a
second die with an upper surface and a lower surface. The first
die and the second die of each component are separated by a
pre-determined distance and are connected to each other viaa
bond wire.
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The panel further includes mold material 1n which the
plurality of components 1s embedded. The upper surface and
side faces of each die and the bond wire of each component
are embedded 1n a single mass of mold material. The lower
surface of the first die and the lower surface of the second die
are essentially coplanar with the bottom surface of the mold
material. The lower surfaces of the dies and the bottom sur-
face of the mold material provide the bottom surface of the
panel.

Advantageously, the components mcluded in the panel
have an arrangement and spacing which 1s essentially the
same as that of a composite waler. Therefore, the packing
density of the components within the panel 1s much higher
than in conventional panels. The packages, therefore, have a
smaller footprint. Since the rear surface of the dies 1s coplanar
with the bottom surface of the mold material and, therefore,
the outer surface of the panel, a thinner package 1s provided.

Optionally, the plurality of first dies and the plurality of
second dies have at least one side face with a stepped contour.
This provides a form-locking engagement between the dies
and the mold material. This increases the interfacial stability
of the dies within the mold mass and reduces the likelihood
that cracks will from at the interface either due to thermal
cycling or, more advantageously, during the singulation of the
packages from the panel. The number of defective packages
produced from a panel is, therefore, reduced. This reduces the
costs of the correctly functioning packages.

The first dies and the second dies advantageously have a
protruding base portion. This advantageously enables the dies
to be easily singulated by sawing from the upper surface.
Alternatively, the first dies and the second dies have a pro-
truding upper portion. The active area of the upper surface of
the dies 1s, 1n this alternative, increased.

The panel 1s provided to fabricate the semiconductor pack-
ages according to one of the embodiments already described.
Theretfore, the width and thickness of the first dies of the panel
1s different to the width and thickness of the second dies of the
panel. The length of the first dies 1s essentially the same as the
length of the second dies.

Advantageously, the lower surface of the first dies and the
lower surface of the second dies include a metallization layer.
The metallization layer enables these areas, which provide
the external contact areas of the package, to be soldered to an

external substrate. A low resistance contact 1s, therefore, pro-
vided.

Optionally, the metallization layer and the bottom surface
of the mold compound are essentially coplanar. The metalli-
zation layer, therefore, remains free of the mold material and
forms the external contact areas of the component. The com-
ponents, each including a first die and a second die can be
singulated from the panel and can be mounted to an external
substrate without further preparation of the external contact
areas.

In an exemplary embodiment of the panel, the first dies are
receiver dies and the second dies are emitter or conductive
dies. Each of the plurality of recerver dies and each of the
plurality of emitter or conductive dies 1s essentially the same.

The first dies and the second dies are arranged 1n the panel
in a regular grid array. The panel includes one row of first dies
arranged 1n the row with a pre-determined interval. A row of
second dies arranged with the same pre-determined interval 1s
arranged adjacent to the first dies. The first and second dies
are laterally arranged so that the upper surfaces of the areas of
the dies are 1n lateral alignment. A panel 1s, therefore, formed
in which a plurality of components, each component includ-
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ing one first die and one second die, have a regular grid array.
Therefore, the singulation of the packages from the panel 1s
simplified.

The following describes methods of fabricating the semi-
conductor package and panel according to one of the embodi-
ments previously described. The method, according to an
exemplary method, to fabricate a semiconductor package
comprises the following steps. First, a first semiconductor
waler mncluding a plurality of first semiconductor dies 1s
provided. A second semiconductor waler including a plural-
ity ol second semiconductor dies 1s also provided. As previ-
ously described, the first and second semiconductor wafers,
preferably, include different types of devices and may be of a
different thickness.

The first semiconductor water 1s then cut into first strips.
This 1s easily and simply performed via known sawing tech-
niques. Each first strip includes a plurality of first dies.
Optionally, each strip includes a single row of dies.

The second semiconductor wafer 1s also singulated to pro-
duce second strips. Each second strip also includes a plurality
of second dies, which, optionally, are arranged 1n a single row
in the strip.

A composite water 1s then assembled by arranging alter-
nating rows or columns of first and second strips on an adhe-
stve tape so that a plurality of alternating first and second
strips are attached to the adhesive tape. The first strips are
separated from the second strips by a predetermined distance.

The first dies are then singulated from the first strips and the
second dies are then singulated from the second strips. A
matrix of separate first and second dies 1s, thereby, formed.
The first and second dies are still attached to the adhesive tape
alter the singulation process and thus form a composite water.

A bond wire 1s formed between a first die and a second die
to form a component. Optionally, the bond wire 1s formed
between a first die and a second die which are located adjacent
to each other 1n the composite waler (1.e., 1n adjacent rows of
the composite water). This simplifies the layout of the matrix
of components and provides a small component.

A bond wire 1s, optionally, formed between each pair of
dies which form a component within the composite water.
Therefore, a plurality of components 1s formed while the
components are attached to the adhesive tape and have the
form of a composite waler. Since the components have a high
packing density, the bonding process can be easily and
quickly carried out using automated equipment. This simpli-
fies the manufacturing process and reduces the costs of pro-
ducing the package.

The plurality of components 1s embedded or encapsulated
in a single mass of a mold compound thereby forming a panel.
Since the lower surfaces of the dies are attached to the adhe-
stve tape, the lower surfaces remain free of the mold material.
Therefore, the external contact areas of the package remains
remain free of the mold material.

The components are then singulated from the panel to form
individual packages. Since the components are arranged 1n
regular grid array, a sawing process can be used. The pack-
ages are still attached to the adhesive tape and are still in the
form of a composite water.

Optionally, the first dies are arranged in the first strip and
the second dies are arranged in the second strip with a first
interval. The interval being the distance between the same
points on the active portion of the device included on the die.
This enables the active areas of the two types of die to be
laterally aligned with respect to each other. This simplifies the
alignment of the two strips with each other and simplifies the
bonding and simplifies singulation processes. This further
reduces the manufacturing costs.
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The first dies are, optionally, separated from adjacent first
dies 1n the first strip by a first singulation trench. The singu-
lation trench 1ncludes no active parts of the device and pro-
vides an area where the dies can be singulated without dam-
aging the devices. The first singulation trench has a first width
and a first lateral center.

The second dies are also, optionally, separated from adja-
cent second dies 1n the second strip by a second singulation
trench. The second singulation trench has a second width and
a second lateral center.

The width of the first singulation trenches 1s, therefore, not
necessarily the same as the width of the second singulation
trenches. If the active area of the first dies are laterally larger
than the active area of the second dies then, 1n order that the
interval between the first dies 1s essentially the same as the
interval between the second dies, the singulation trenches
between adjacent first dies 1s reduced accordingly. The
respective widths of the singulation trenches of the first and
second strip are chosen to take mnto account the different
lateral sizes of the two types of dies and the minimum dis-
tance necessary for a singulation trench.

The first strips and second strips are arranged to form the
composite waler so that the center lines of the first and second
singulation trenches are in lateral alignment across the
breadth and length of the composite water. This forms a
singulation line which 1s common to both the first and second
strips. This advantageously enables the first dies to be singu-
lated from the first strips and the second dies to be singulated
from the second strips via cutting along the common singu-
lation line. This provides a simple and quick method via
which the two types of dies can be singulated from the strips
in the same process step.

Advantageously, the first dies and the second dies are sin-
gulated to form at least one side face with a stepped contour.
This 1s easily carried out via either a profile saw or 1 two
cutting steps via two saw blades of diflerent widths. The step
provides a form-locking engagement between the dies and
the mold compound which leads to a more reliable package.

Optionally, the first dies and the second dies are singulated
to form two opposing side faces with a stepped contour. This
simplifies the singulation process since all of the cuts in one
lateral direction can be made 1n the same process step.

A metallization layer 1s advantageously deposited on the
rear surface of the first water and on the rear surface of the
second water. Therefore, the rear surface of the plurality of
first dies and the plurality of second dies are coated with the
metallization layer at essentially the same time which reduces
the processing time and costs. Since these surface are in
contact and covered by the adhesive tape during the subse-
quent assembly steps, the surfaces remain free of contamina-
tion by mold material and cutting fluids.

After the individual packages are separated from the panel
but while they are still attached to the adhesive tape and are
still 1n the form of a composite water, the following additional
steps are, advantageously, carried out. First, the water can be
mapped and the packages marked via laser. This 1s particu-
larly easily and accurately carried out as the packages are still
held 1n the form of the composite water.

Next, the upper surface of the packages 1s laminated to
package lamination tape and the adhesive tape 1s removed.
This reveals the bottom surface of the dies and, 1f included,
the metallization layer. The packages can then be tested while
still 1n the form of the composite water. This enables a rapid
testing of the packages and the easy identification of defective
packages. The package lamination tape 1s then removed and
the packages packed into carrier or shipping tape for trans-
portation to their point of use.
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The described method and the packages produced by the
described method have many advantages over the prior art
methods and packages. The components are packaged at
essentially the wafer level. This produces packages which
have a smaller footprint than methods using a base substrate
onto which the dies are placed using pick-and-place methods.
Since pick-and-place methods are not used, the dies may be
thinner than those used in conventional packages since they
do not have to withstand mechanical handling during a die
placement and mounting process. The possibility of cracking,
in the die during the assembly process 1s, therefore, avoided.
Dies can, therefore, be as thin as 25 um (micron) in the
package of the invention and the thickness or height of the
package further reduced.

Also, since a substrate within the package 1s avoided, the
thickness of the package 1s further reduced. The electrical
performance of the package 1s also improved and power con-
sumption reduced since there 1s no power loss due to the
relatively high resistance of a substrate. Since the electrical
performance 1s 1mproved, this enables the use of bonding
wires of a smaller diameter, for example 18 um (micron),
which further reduces the materials costs of the package.
Materals costs are also reduced by the described method as a
single-use carrier substrate which 1s then removed, often by
an etching process, 1s avoided.

Since the bonding and encapsulation processes are carried
out while the die and components are held to form a compos-
ite water, the packing density of the components 1n the panel
1s much higher than 1n conventional processes. The molding
and testing process 1s, 1n particular, accelerated. Since the
packages are attached to the adhesive tape as a composite
waler, waler mapping and water level testing of the packages
1s enabled.

Through manufacturing semiconductor packages via the
described method, semiconductor packages which are two
times smaller than conventional TSLP packages can be pro-
vided. Packages can be provided with a footprint of 0.3 mm
by 0.5 mm and with a thickness of only 0.2 mm and even 0.1
mm.

In the following paragraphs, exemplary embodiments of
the integrated circuit package, the panel and method are
described 1n connection with the figures.

FIG. 1 shows the first step according to an exemplary
embodiment of the method to fabricate a leadless semicon-
ductor package at the water level. Imtially, a first precursor
semiconductor water 1s fabricated which includes a plurality
of recerver dies 6. A second precursor semiconductor water 1s
tabricated which includes a plurality of emitter or conductive
dies 8. The first and the second waters are then cut into
respective strips 2, 3. Each strip 2, 3 includes a plurality of the
respective dies arranged 1n a single row or column.

FI1G. 1 1llustrates the first stage 1n the method according to
the mnvention. First, a composite waler 1 1s assembled from
strips 2 of the first semiconductor water, each strip 2 includ-
ing a plurality of receiver dies 6 arranged 1n a single row, and
from strips 3 of the second semiconductor wafer, each strip 3
including a plurality of emitter or conductive die 8 arranged 1n
a single row.

The composite waler 1 1s assembled on an adhesive tape 4,
by arranging alternately strips 2 of the first water including
receiver dies 6 and strips 3 of the second waler including
emitter dies 8. The adhesive tape 4 cannot be seen 1n the top
view of FIG. 1. In the orientation of the composite water 1
shown 1n FIG. 1, the strips 2, 3 are arranged 1n horizontally 1n
rows with the upper surface facing upwards. The adhesive
tape 4 holds the strips 2, 3 and the dies 6, 8 in the form of the
composite waler 1 during the subsequent processing steps.
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The strip 2 of receiver dies 6 has a width a which, 1n this
embodiment of the invention, 1s smaller than the width b of
the strip 3 of emitter dies 8. Therefore, the outer edge of the
composite waler 1, which 1s made up of alternating strips 2 of
receiver dies 6 and strips 3 of emuitter dies 8, has an elliptical
form. For the ornientation of the composite wafer 1 shown 1n
FIG. 1, the composite waler 1 1s slightly larger in the hor-
zontal direction in comparison with the vertical direction.

Adjacent strips 2 of receiver dies 6 and strips 3 of the
emitter dies 8 are separated from each other by a distance ¢
which 1s indicated 1n FIG. 1 by the plurality of thick horizon-
tal lines 5.

Each strip 2 of receiver dies 6 includes a plurality of indi-
vidual recerver dies 6 arranged at regular intervals along the
length of the strip 2. Fach individual receiver die 6 1s sepa-
rated from 1ts adjacent neighbors 1n the strip 2 by a singulation
trench or saw street 33. The central line of the singulation
trench 33 1s indicated by the line 7. Each recerver die 6 has a
length which 1s defined as the distance between the central

lines of adjacent singulation trenches 7. This length 1is
denoted 1n FIG. 1 as d.

Similarly, each strip 3 of emitter or conductive dies 8
includes a plurality of emitter or conductive dies 8 arranged at
regular intervals along its length. Each emitter die 8 1s sepa-
rated from adjacent dies 8 by a singulation trench 34. The
central line of the singulation trench 34 i1s denoted by the line
7. As can be seen 1n FIG. 1, the length of each emitter die 8,
defined as the distance between the central lines of adjacent
singulation trenches 34 1n the strip 3, 1s essentially the same as
the length of the receiver die 6 1n the strip 2. Therefore, the
length of each emuitter die 8 1s also denoted by d.

The two types of strips, the strips 2 of receiver dies 6 and
the strips 3 of emitter dies 8, are arranged to form the com-
posite waler 1 so that the center lines 7 of the singulation
trenches of each of the two types of strip 2, 3 are in lateral
alignment. This 1s imndicated by the continuous lines of the
singulation trenches 7 across the entire composite wafter 1 1n

FIG. 1.

In order that the center lines 7 of the singulation trenches
33, 34 of the respective two types 2, 3 of strip align 1n the
composite wafler 1, the pitch or mterval between the same
point 1n adjacent devices 6, 8 i each of the strips 2, 3 1s
essentially the same. As the lateral size of the active area of the
receiver die 6 1s not necessarily the same as the active area of
the emitter die 8, the length of the singulation trenches 33, 34
ol the respective two strips 2, 3 1s not necessarily the same.
The strip 2 of recerver dies 6 includes singulation trenches 33

of a length e and the strip 3 of emitter dies 8 includes singu-
lation trenches 34 of a length 1.

In the next step of the exemplary method, the recerver dies
6 and emitter dies 8 are separated or singulated from the
composite wafer 1 via sawing along the common central lines
of the singulation trenches 7. The recerver dies 6 and emitter
dies 8 are singulated in the same cut.

Each electronic component 9, which 1s to be included in the
final semiconductor package, includes a receiver die 6 and an
emitter die 8. Each component 9 includes a receiver die 6 and
an emitter die 8 which are positioned next to each other in the
composite waler 1. Therefore, the composite waler 1, as
illustrated 1n FIG. 1, includes a plurality of components 9
arranged 1n rows and columns in a regular array. One com-
ponent 9 1s mdicated i FIG. 1 by a rectangular box 10.

FIG. 2 1llustrates the next step 1n the method according to
the invention. While the plurality of recerver die 6 and the
plurality of emitter die 8 are attached to the adhesive tape 4 in
the form of the composite water 1, the wire bonding process
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1s carried out. A wire bond 11 1s formed between each recerver
die 6 and emitter die 8 which are to form a component 9.

The square grid arrangement of the plurality of compo-
nents 9 including their respective bond wires 11 1s shown 1n
the top view of FIG. 2. Since the wire bonding process 1s
carried out at the water level, the exemplary method 1s simple
and quick to perform for a large number of components 9.

FIG. 3 shows a cross-sectional view of a section of the
composite waler 1 of FIG. 2, one component 9 1s depicted. In
this first embodiment, the receiver dies 6 and the emuitter dies
8 are singulated from their respective walers to form side
faces 12 of the recerver dies 6 and emaitter dies 8 which have
a non-straight contour (1.e., the side faces 12 being con-
toured). The receiver dies 6 and emitter dies 8 are singulated
to produce side faces 12 to both the receiver die 6 and the
emitter die 8 which include a step 29. This 1s carried out either
using a two-step sawing process using two saw blades of
different widths or 1n a single sawing cut by using a profile
Saw.

In this first embodiment of the component 9, both the
receiver dies 6 and emitter dies 8 include a cutout 13 in the
edge formed between the upper surface 14 and the side faces
12 of the dies 6, 8. Each die 6, 8, therefore, has a base portion
15 which protrudes outwards providing a step 29 1n the side
faces. The base portion 13 1s laterally larger than the upper
surface 14 of the die. The step 29 formed 1n the side faces 12
improves the locking of the mold compound of the semicon-
ductor package with the semiconductor dies as a form-lock-
ing engagement 1s provided.

The cross-sectional view of FIG. 3 also shows that the
lower surface 16 of each receiver die 6 and emitter dic 8
includes ametal layer 17. The metallization layer 17 1s depos-
ited on the rear surface of the dies during the fabrication
process ol the imitial precursor walers. The metallization
layer 17 1s deposited on the rear surface of the first precursor
waler including the recerver die 6 and on the rear surface of
the second precursor water including the emitter die 8 before
the strips 2, 3 are singulated from their respective water.

The metallization layer 17 includes, in this embodiment of
the mvention, two layers; a layer of nickel and a layer of gold.
Alternatively, the metallization layer 17 may include a layer
of nickel and a layer of silver. The metallization layer 17
cnables the package 22 to be soldered onto an external sub-
strate such as a printed circuit board.

The cross-sectional view of the component 9 of FI1G. 3 also
shows that the thickness of the recetver die 6 and thickness of
the emitter die 8 1s not i1dentical. In this embodiment, the
receiver die 6 1s thinner than the emitter die 8. This 1s easily
accomplished as each type of die 6, 8 1s in1tially fabricated on
a separate precursor wafer.

As 1s also more easily seen in the cross-sectional view of
FI1G. 3, the wire bond 11 between the receiver die 6 and the
emitter die 8 1s formed by a ball-bonding technique. The ball
bond, characterized by the ovoid head 18, 1s first bonded to the
upper surface 14 of the receiver die 6. The wire 11 1s then
extended to the upper surface 14 of the emitter die 8 where 1t
1s attached by a wedge bond 19. A wire bond 11 i1s formed
between each of the pairs of recerver die 6 and emitter die 8
which make up a component 9 of the composite water 1 1n the
same process step. The wire-bonding process 1s easily carried
out since the plurality of recerver dies 6 and the plurality of
emitter dies 8 are attached to the adhesive tape 4 and have the
from ol a composite wafer 1.

FI1G. 4 1llustrates the next stage 1n the exemplary method
and shows a cross-sectional view of a section of the composite
waler of FIG. 3 after the molding process. According to the
exemplary method, 1n the next step of the method the plurality
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of components 9 are encapsulated 1n a single molding com-
pound 20 while still attached to the adhesive tape 4 and still in
the form of the composite watfer 1. Therefore, a single panel
21 1s fabricated 1n which all of the components 9 are embed-
ded. The metallization layer 17 of the receiver dies 6 and
emitter dies 8 remains free of the mold material 20.

In the next stage of the method, the individual packages 22
are singulated from the panel 21. This 1s carried out by sawing
the panel 21 1n approximately the lateral center of the package
singulation trenches 23 which separate adjacent components
9 in the panel 21. The central line of the singulation trenches
23 1s indicated by the lines 23 1n FIG. 5 and 1n the top view of
FIG. 2. As can be more easily seen i FIG. 2, the singulation
lines 7 and 23 coincide 1n the vertical direction. In the hori-
zontal direction, the singulation lines 23 are positioned 1n
every second die separation line 5 as each component 9
includes one recerver die 6 and one emitter die 8. The plurality
of packages 22 are still attached to the adhesive tape 4 after
the package singulation step.

The packages 22 then undergo laser marking, as indicated
by the arrows 24 while still held on the adhesive tape 4 in the
from of the composite water 1. Waler mapping may also be
carried out at this stage of the method.

FIG. 6 shows the next step of the process 1n which the upper
surfaces of the plurality of packages 22 are laminated to a
package tape 25. The adhesive tape 4 which 1s attached to the
lower surface of the dies and, therefore, the bottom surface of
the package 22, 1s then removed as indicated by the arrow. The
metallization layer 17 located on the bottom lower surface of
the receiver die 6 and emitter die 8 1s therefore exposed from
the package 22 and 1s coplanar with the bottom surface of the
package 22.

FIG. 7 shows that, after the package lamination process,
the plurality of packages 22 are still held on the package
lamination tape 25 in essentially a water-level configuration.
Theretfore, the individual packages 22 can undergo wafer
level testing as 1indicated by the probes 26.

The package lamination tape 25 1s then removed from the
plurality of packages 22. This can be easily performed by
irradiating the tape 25 with UV radiation which enables the
tape 25 to be cleanly removed from the mold compound 20 of
the package 22.

The packages 22 are then packed 1nto a carrier or transport
tape and shipped to the customer or point of use. The pack-
ages 22 then can be mounted onto an external substrate such
as a printed circuit board.

FIG. 8 shows a second embodiment of a package 27 fab-
ricated via the exemplary method. Parts of the package 27,
according to the second embodiment, which are essentially
the same as those of the package 22 of the first embodiment
are denoted by the same reference number and are not nec-
essarily described again.

The second package 27 differs from the first package 22 1n
that the side faces 12 of the receiver die 30 and the side faces
of the emitter die 31 include a cutout 28 in the edge formed
between the lower surface 16 and the side faces 12. Therefore,
the upper surface 14 of the dies 30, 31 1s larger than that of the
lower surface 16. The side faces 12 have a stepped contour
and the receiver die 30 and emitter die 31 have an upper
portion 32 which protrudes laterally outwards.

The packages 22, 27 produced via the exemplary method
are fabricated at the water-level. The use of a substrate 1n the
package or for the assembly of the package 1s avoided. The
s1ze of the package 22, 27 produced via the exemplary method
1s, therefore, reduced as compared to the size of known pack-
ages. The lateral size of the packages 22, 27 1s typically 0.5
mm by 0.3 mm, which i1s around two times smaller than
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known packages including a substrate. Since the described
packages 22, 27 are leadless and substrate-less, the height of
the packages 22, 27 can be reduced to about 0.2 mm or even
to 0.1 mm which 1s up to four times smaller than the known
packages.

While the invention has been described in detail with ref-
erence to specific embodiments thereof, 1t will be apparent to
one of ordmary skill in the art that various changes and
modifications can be made therein without departing from the
spirit and scope thereof. Accordingly, 1t 1s intended that the
present invention covers the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.

What 1s claimed 1s:

1. A method of manufacturing an integrated circuit pack-
age, the method comprising:

providing a first integrated circuit water including a plu-

rality of first integrated circuit dies;

providing a second integrated circuit waler including a

plurality of second integrated circuit dies;

singulating the first waler into first strips, each first strip

including a plurality of first dies;

singulating the second water 1to second strips, each sec-

ond strip including a plurality of second dies;
assembling a composite waler by interleaving first and
second strips on an adhesive tape;

singulating the first dies from the first strips and singulating

the second dies from the second strips;

forming bond wires between respective ones of the first

dies and respective ones of the second dies to form a
plurality of components;

encapsulating the plurality of components 1n a mold com-

pound, thereby forming a panel; and

singulating the components from the panel thereby form-

ing at least one integrated circuit package.

2. The method according to claim 1, wherein the first dies
are arranged in the first strip and the second dies are arranged
in the second strip with a first interval.
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3. The method according to claim 1, wherein:

the first dies of the first strips are separated from adjacent
first dies 1n respective first strips via a {irst singulation
trench having a first width and a first lateral center; and

the second dies of the second strips are separated from
adjacent second dies 1n respective second strips via a
second singulation trench, the second singulation trench
having a second width and a second lateral center.

4. The method according to claim 3, wherein the first strips
and the second strips are arranged 1n the composite water so
that the first lateral center of the first singulation trench 1s
laterally aligned with the second lateral center of the second
singulation trench.

5. The method according to claim 4, wherein the first dies
are singulated from the first strips and the second dies are
singulated from the second strips via cutting along a common
line.

6. The method according to claim 5, wherein the first dies
and the second dies are singulated, thereby forming at least
one side face with a stepped contour.

7. The method according to claim 5 wherein the first dies

and the second dies are singulated, thereby forming two
opposing side faces with a stepped contour.

8. The method according to claim 1, further comprising:

depositing a metallization layer on a rear surface of the first
waler and on the rear surface of the second water.

9. The method according to claim 1, further comprising:
laser marking the at least one package;

attaching an upper surface of the at least one package to a
package lamination tape;

removing the adhesive tape;

testing the at least one package;

removing the package lamination tape; and

packing the at least one package 1nto a packing tape.
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